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FIG. 6
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SMART PARKING ASSIST SYSTEM OF
VEHICLE AND CONTROL METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to Korean Patent Applica-
tion No. 10-2012-0028626, filed on Mar. 21, 2012 1n the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein by reference 1n 1ts entirety.

BACKGROUND

1. Field

Embodiments of the present invention relate to a parking
assist system that automatically controls steering of a vehicle
to a parking spot to assist parking of the vehicle and a control
method thereof.

2. Description of the Related Art

When parking a vehicle, a driver usually moves the vehicle,
observing obstacles on the lateral sides and rear side of the
vehicle through the side mirrors and the rear-view mirror
which are mounted on the vehicle.

However, a blind spot that 1s seldom recognized by the
driver 1s formed around the rear corners of the vehicle, and
even when the driver recognizes an obstacle, failure to 1den-
tify the correct length and width of the vehicle may lead to
tailure of recognition of the distance between the vehicle and
the obstacle, thereby resulting in contact of the vehicle with
the obstacle.

To address this disadvantage, a parking assist system (PAS)
has been introduced, which assists the driver in recognition of
the distance of the vehicle from an obstacle using sensors
mounted to the front and rear of the vehicle. Also, a smart
parking assist system (SPAS) has recently been introduced
which recognizes a parking spot and automatically generates
a parking path to automatically control the steering wheels
and park the vehicle without requiring driver manipulation of
the steering wheel. The SPAS 1s also referred to as a parking
steering assist system since it controls steering of the vehicle.

The PAS receives, from various sensors mounted to the
vehicle, a vehicular speed, side sensor information, a wheel
pulse indicating a travel distance of a wheel and a signal of a
steering angle sensor to recognize the parking space and
perform path control.

However, the system as above may fail to park the vehicle
at the center of the parking space, and rather complete the
parking with the vehicle positioned closer to a front vehicle or
rear vehicle. If parking 1s completed with the vehicle posi-
tioned closer to the front vehicle, the driver may need to
unnecessarily adjust the position of the vehicle when leaving
the parking spot. On the other hand, 11 parking 1s completed
with the vehicle positioned closer to the rear vehicle, a suiifi-
cient space may not be secured 1n loading/unloading the

trunk.

SUMMARY

Therefore, 1t 1s an aspect of the present invention to provide
a parking assist system to park a vehicle at the center of a
target position 1n parking of the vehicle at the target position
and a control method thereof.

Additional aspects of the imnvention will be set forth 1n part
in the description which follows and, 1n part, will be obvious
from the description, or may be learned by practice of the
ivention.
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2

In accordance with one aspect of the present invention, a
parking assist system includes a state sensor to sense a state of
a vehicle, an obstacle sensor to sense obstacles present at a
front side, a rear side or lateral sides of the vehicle, an inter-
face to provide a driver with information about a state or
operation of the vehicle, and a controller to compute a parking
path for the vehicle based on results of sensing by the state
sensor and the obstacle sensor, control steering of the vehicle
such that the vehicle 1s parked at a target position along the
computed parking path, and announce, to the driver, manipu-
lations required during parking of the vehicle at the target
position, through the interface, wherein, when the vehicle
reaches the target position, the controller controls steering of
the vehicle to position the vehicle at a center of the target
position, based on information related to situations at the
front and rear sides of the vehicle sensed by the obstacle
SENSor.

When the vehicle reaches the target position, the controller
may turn a steering wheel of the vehicle back to an original
position thereot, calculate distances between the vehicle and
the obstacles positioned at the front side and the rear side of
the vehicle based on the result of sensing by the obstacle
sensor when the steering wheel 1s turned back to the original
position, determine whether the vehicle 1s off the center of the
target position based on the calculated distances, and control
steering ol the vehicle to position the vehicle at the center of
the target position 11 the vehicle 1s oif the center of the target
position.

I1 the distance between the vehicle and one obstacle posi-
tioned at the front side of the vehicle 1s different from the
distance between the vehicle and another obstacle positioned
at the rear side of the vehicle, the controller may determine
that the vehicle 1s off the center of the target position.

When controlling steering of the vehicle to position the
vehicle at the center of the target position, the controller may
guide the driver to perform shiit to a forward or reverse gear
through the interface.

The state sensor may include at least one of a steering angle
sensor to sense a steering angle of the vehicle, a gear position
sensor to sense a position of a gear, a wheel speed sensor to
sense a wheel speed of the vehicle, and a vehicular speed
sensor 1o sense a speed of the vehicle.

The obstacle sensor may include an ultrasonic sensor to
sense distances to the obstacles.

In accordance with another aspect of the present invention,
a control method of a parking assist system including a state
sensor to sense a state of a vehicle, an obstacle sensor to sense
obstacles present at a front side, a rear side or lateral sides of
the vehicle, and an 1nterface to provide a driver with informa-
tion about a state or operation of the vehicle includes com-
puting a parking path for the vehicle based on results of
sensing by the state sensor and the obstacle sensor, control-
ling steering of the vehicle such that the vehicle 1s parked at a
target position along the computed parking path, and when
the vehicle reaches the target position, controlling steering of
the vehicle to position the vehicle at a center of the target
position based on information related to situations at the front
and rear sides of the vehicle sensed by the obstacle sensor.

The controlling based on the information related to the
situations at the front and rear sides of the vehicle may include
when the vehicle reaches the target position, turning a steer-
ing wheel of the vehicle back to an original position thereof,
when the steering wheel 1s turned back to the original posi-
tion, calculating distances between the vehicle and the
obstacles positioned at the front side and the rear side of the
vehicle based on the result of sensing by the obstacle sensor,
determining whether the vehicle 1s off the center of the target
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position based on the calculated distances, and 1 the vehicle
1s oif the center of the target position, controlling steering of
the vehicle to position the vehicle at the center of the target
position.

The determining may include determining that the vehicle
1s off the center of the target position 1 the distance between
the vehicle and one obstacle positioned at the front side of the
vehicle 1s different from the distance between the vehicle and
another obstacle positioned at the rear side of the vehicle.

The control method may further include guiding the driver
to perform shift to a forward or reverse gear through the
interface, while controlling steering of the vehicle to position
the vehicle at the center of the target position.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the invention will become
apparent and more readily appreciated from the following
description of the embodiments, taken 1n conjunction with the
accompanying drawings ol which:

FIG. 1 1s a control block diagram showing the configura-
tion of a parking assist system according to an exemplary
embodiment of the present invention;

FIG. 2 1s a control block diagram showing, in detail, the
functions of the controller of the parking assist system
according to the embodiment of the present imnvention;

FIG. 3 1s a view 1llustrating a vehicle that searches for a
parking space using the parking assist system according to the
embodiment of the present invention;

FI1G. 4 1s a view 1llustrating the vehicle that performs par-
allel parking using the parking assist system according to the
embodiment of the present invention;

FI1G. 51s a view illustrating the parking state of the vehicle;
and

FIG. 6 1s a flowchart 1llustrating a control method of the
parking assist system according to the embodiment of the
present invention.

DETAILED DESCRIPTION

Reference will now be made 1n detail to the embodiments
ol the present invention, examples of which are 1llustrated 1n
the accompanying drawings, wherein like reference numerals
refer to like elements throughout.

FIG. 1 15 a control block diagram showing the configura-
tion ol a parking assist system according to an exemplary
embodiment of the present invention.

Referring to FIG. 1, the parking assist system 100 accord-
ing to the 1llustrated embodiment includes a state sensor 110
to sense the state of a vehicle 10, an obstacle sensor 120 to
sense obstacles around the vehicle 10, a controller 130 to set
a parking path and perform computation of a steering angle
based on the sensing results from the state sensor 110 and the
obstacle sensor 120, a steering controller 140 to automatically
control a steering wheel of the vehicle 10, and an interface
150 to recerve details for parking assist from a driver or output
the same to the driver.

The state sensor 110, which serves to sense the current state
of the vehicle 10, may include at least one of an axle angle
sensor to sense an axle angle, a steering angle sensor to sense
a steering angle of the vehicle 10, a gear position sensor to
sense a position of a gear, a wheel speed sensor to sense a
wheel speed of the vehicle 10, and a vehicular speed sensor to
sense a speed of the vehicle.

The obstacle sensor 120 serves to recognize obstacles near
the vehicle 10 and sense the distance between the vehicle 10
and the obstacles, and an ultrasonic sensor may be employed
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4

as the obstacle sensor 120. The ultrasonic sensor may be
mounted to a front edge, a rear edge or a lateral side of the
vehicle 10 and used to detect a distance of the vehicle 10 from
an obstacle and recognize a parking space.

The state sensor 110 and the obstacle sensor 120 sense the
situations of the vehicle 10 and transmit sensor signals to the
controller 130.

As the steering controller 140 which 1s a steering assist

member to 1dentity the driving situation of the vehicle 10 and
a driver’s intention and actively assist steering of the vehicle
10, an electronic power steering (EPS) system, a motor-
driven power steering (MDPS) system, or an active front
steering (AFS) system may be applied. In the illustrated
embodiment, the steering controller 140 steers the vehicle 10
under control of the controller 130.
The interface 150, which 1s generally referred to as a
human machine interface (HMI), an output unit 151 to visu-
ally or audibly inform the driver of the current state of the
vehicle 10 or the requirements for automatic parking, and an
input unit 152 allowing the driver to select parking by auto-
matic steering therethrough. The output unit 151 includes a
speaker to output a sound or a display to output a visual screen
thereon, while the input unit 152 includes a switch. In case
that the display has a touchscreen, the touch panel may serves
as the mput umt. In addition, when the HMI 1s adapted to
recognize voice, a microphone to recetve voice from the
driver may serve as the mput unit. The configuration of the
interface 150 1s not limited to the 1llustrated embodiment. The
interface may be configured with various components.

FIG. 2 1s a control block diagram showing, in detail, the
functions of the controller 130 of the parking assist system
100 according to the illustrated embodiment of the present
ivention. FIG. 3 1s a view 1illustrating a vehicle 10 that
searches for a parking space using the parking assist system
100 according to the embodiment of the present invention,
and FIG. 4 1s a view 1llustrating the vehicle 10 that performs
parallel parking using the parking assist system 100 accord-
ing to the embodiment of the present invention.

Heremaftter, operation of the controller 130 will be
described 1n detail with reference to FIGS. 2 to 4.

Reterring to FIG. 2, the controller 130 of the parking assist
system 100 according to the 1llustrated embodiment of the
present invention includes a parking space recognizer 131 to
recognize a parking space based on the sensed results from
the obstacle sensor 120, a path setting unit 132 to set a parking
path to park in the recognized parking space, a steering angle
setting unit 133 to calculate a steering angle to move the
vehicle 10 according to the set path, and an operation switch
135 to turn on/oif the parking assist system.

When a user selects parking through the parking assist
system 100, 1.e., parking by automatic, steering through the
interface 150, the operation switch 133 turns on the parking
assist system 100, and then the vehicle 10 having the parking
assist system 100 performs search for a parking space using
the obstacle sensor 120 as shown 1n FIG. 3. At this time, the
parking space recognizer 131 measures the width and depth
of the parking space and determines whether the space 1s
suitable for the vehicle 10 to be parked therein.

The user 1s also allowed to select between perpendicular
parking and parallel parking through the interface 150. In the
illustrated embodiment, 1t 1s assumed that the user selects
parallel parking.

When a space to park the vehicle 10 1s recognized by the
parking space recognizer 131, the path setting umit 132 sets a
path from the current position of the vehicle 10 to the recog-
nized parking space to park therein. In the illustrated embodi-
ment, using the coordinates of the parking start point, the
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coordinates of the two corners of the entrance of the parking
space, the width and depth of the parking space, the coordi-
nates of the parking target points for the vehicle 10 are cal-
culated. Then a path 1s set such that the vehicle 10 moves from
the coordinates of the parking start point to the coordinates of
the parking target point.

The steering angle setting unit 133 calculates and sets a
steering angle to move the vehicle 10 along the path set by the
path setting umt 132.

The path setting unit 132 and the steering angle setting unit
133 set the path and the steering angle based on the position
of and distance from an obstacle sensed by the obstacle sensor
120.

The parking assist system usually serves to automatically
control the steering wheel of the vehicle 10, and allows the
driver to directly perform shiit between forward gear and the
reverse gear. Braking the vehicle 10 may be implemented
when the user pushes the pedal. In the illustrated embodi-
ment, decelerating or braking the vehicle 10 may also be
implemented 1n connection with an electronic brake system
even when the driver does not push the pedal. As the elec-
tronic brake system, an anti-lock brake system (ABS), an
automatic stability control (ASC) system or a dynamic sta-
bility control (DSC) system may be employed.

Hereinafter, a procedure of parking through the automatic
steering will be described with reference to FIG. 4. In the
illustrated embodiment, 1t 1s assumed that braking is per-
formed by the force applied to the pedal by the driver, not 1n
connection with the electronic brake system.

When a parking space to park the vehicle 10 1s recognized,
shift to the reverse gear 1s guided through the interface 150. A
message guiding the shift to the reverse gear may be dis-
played on the display, or a voice message or an alarm sound
corresponding to the shift to the reverse gear may be output
through a speaker.

When the shift to the reverse gear 1s made by the driver, the
steering controller 140 automatically controls the steering
wheel to adjust the direction of movement of the vehicle 10.
At this time, the driver 1s guided through the output unit 151
to apply force to the pedal to slowly back up the vehicle 10.

In case of parallel parking, parking is often performed by
switching to reverse, to forward and again to reverse 1n con-
trast with the case of parking by backing-in. In this case, a
message 1s output through the output unit 151 to guide the
driver to apply force to the pedal and perform shiit to the
forward gear.

As such, the controller 130 sends a signal to the steering
controller 140 to control steering of the vehicle 10 such that
the vehicle 10 moves along a set path, and the driver shiits the
gear and pushes the pedal according to a message output
through the output unit 151. In another embodiment in which
the PAS 1s adapted to operate 1n connection with an electronic
brake system, decelerating or braking the vehicle may be
implemented even when the pedal 1s not pushed by the driver.

When parking of the vehicle 10 1s completed, a message to
announce completion of parking 1s output through the output
unit, and the operation switch 1335 may automatically turn off
the parking assist system 100 or may turn off the parking
assist system 100 according to a command from the driver
through the mput unit 152.

To move the vehicle 10 according to the set parking path
and steering angle, 1t 1s needed to 1dentily the current state of
the vehicle 10 using the sensed result from the state sensor
110. Specifically, the amount of movement of the vehicle may
be 1dentified using a value of a wheel speed sensor, and time
to shift the gear may be determined according to the amount
of movement of the vehicle 10. In addition, a control value
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6

required to reach a set steering angle may be determined using
the value from the steering angle sensor, and whether to push
the pedal may be determined using a value from the vehicular
speed sensor. In addition, whether gear shift needs to be
performed or has been normally performed may be deter-
mined using a value from a gear position sensor.

FIG. 5 1s a view 1llustrating the parking state of the vehicle
10.

As shown 1n FIG. 5, when the vehicle 10 1s parked in the
target position, parking may be completed with the vehicle 10
being positioned closer to a vehicle at the front or rear side of
the vehicle 10 as shown in CASEs 1 and 2, rather than being
positioned at the center of the target position.

If parking 1s completed with the vehicle 10 placed closer to
a vehicle at the front thereot as shown 1n CASE 1, the driver
may need to unnecessarily adjust the position of the vehicle
when leaving the parking space. If parking 1s completed with
the vehicle 10 positioned closer to a vehicle at the rear side
thereol, a space needed to load the trunk may not be secured
as 1n CASE 2.

To make sure that the vehicle 10 1s parked at the center of
the target position, the parking assist system according to the
illustrated embodiment of the present invention checks 1f the
vehicle 10 1s at the center of the target position when parking
1s completed. If the vehicle 10 1s not at the center of the target
position, the parking assist system performs additional con-
trol to place the vehicle 10 at the center of the target position.

When the vehicle 10 reaches the target position, the con-
troller 130 first turns the steering wheel of the vehicle 10 back
to 1ts original position. I the vehicle 10 1s moved forward or
backward with the steering wheel turned to one side, it may be
placed closer to one side when parked.

Once the steering wheel 1s turned back to its original posi-
tion, the controller 130 calculates the distance between the
vehicle 10 and obstacles (e.g., vehicles) positioned at the
front side and rear side of the vehicle according to the sensed
result from the obstacle sensor 120, and determines whether
the vehicle 1s off the center of the target position based on the
calculated distance.

That 1s, 1f the distance between the vehicle 10 and an
obstacle which 1s at the front side of the vehicle 10 1s different
from the distance between the vehicle 10 and an obstacle
which at the rear side of the vehicle 10, 1t 1s determined that
the vehicle 10 1s off the center of the target position.

I1 the vehicle 10 1s off the center of the target position, the
controller 130 controls steering of the vehicle 10 to position
the vehicle 10 at the center of the target position.

While controlling steering of the vehicle 10, the controller
130 may guide shiit to the forward gear or reverse gear of the
vehicle 10 through the interface 150.

A message to guide shift to the forward gear or reverse gear
may be displayed through the display, or may be output
through a speaker in the form of voice.

FIG. 6 1s a flowchart illustrating a control method of the
parking assist system according to the illustrated embodiment
ol the present invention.

Reterring to FIG. 6, when a command to select the parking
assist system, 1.e., a command to turn on the parking assist
system 1s mput by a driver (200), the parking assist system
starts to operate (210).

After being turned on, the parking assist system determines
whether the vehicle 10 1s parked at a target position (220).
When the vehicle 10 reaches the target position, the parking
assist system turns the steering wheel of the vehicle 10 back
to an original position (230).

Parking at the target position 1s performed 1n the same
process as described above with reference to FIGS. 2 to 4.
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The steering wheel 1s turned to 1ts original position since
forward or reverse movement of the vehicle 10 with the steer-
ing wheel turned to one side may prevent the vehicle 10 from
being placed at the center of the target position.

Once the steering wheel 1s turned back to 1ts original posi-
tion, whether the vehicle 10 1s positioned at the center of the
target position 1s determined (240).

According to the sensed result from the obstacle sensor
120, the distances between the vehicle 10 and other vehicles
positioned at the front and rear sides of the vehicle 10, and
based on the calculated distances, whether the vehicle 10 1s
positioned at or off the center of the target position 1s deter-
mined.

That 1s, 1f the distance between the vehicle 10 and a vehicle
positioned at the front side of the vehicle 10 1s different from
the distance between the vehicle 10 and another vehicle posi-
tioned at the rear side of the vehicle 10, 1t 1s determined that
the vehicle 10 1s off the center of the target position.

It the vehicle 10 1s off the center of the target position,
steering of the vehicle 10 1s controlled such that the vehicle 10
1s positioned at the center of the target position (250).

While steering of the vehicle 10 1s being controlled, shift to
the forward gear or reverse gear of the vehicle 10 may be
guided through the interface 150. A message to guide shift to
the forward gear or reverse gear may be displayed through the
display, or may be output through a speaker in the form of
voICe.

As 1s apparent from the above description, a parking assist
system according to one embodiment of the present invention
may assist a driver 1n parking a vehicle at the center of a target
position, allow the driver to leave the parking position without
additional adjustment of the position of the vehicle, and
secure a space needed to load and unload the vehicle.

Although a few embodiments of the present invention have
been shown and described, 1t would be appreciated by those
skilled in the art that changes may be made 1n these embodi-
ments without departing from the principles and spirit of the
invention, the scope of which is defined in the claims and their
equivalents.

What 1s claimed 1s:

1. A parking assist system comprising:

a state sensor to sense a state of a vehicle;

an obstacle sensor to sense obstacles present at a front side,

a rear side or lateral sides of the vehicle;

an 1nterface to provide a driver with information about a

state or operation of the vehicle; and

a controller to compute a parking path for the vehicle based

on results of sensing by the state sensor and the obstacle
sensor, control steering of the vehicle such that the
vehicle 1s parked at a target position along the computed
parking path, and announce, to the driver, manipulations
required during parking of the vehicle at the target posi-
tion, through the interface,

wherein, when the vehicle reaches the target position, the

controller controls steering of the vehicle to position the
vehicle at a center of the target position, based on infor-
mation related to situations at the front and rear sides of
the vehicle sensed by the obstacle sensor,

wherein, when the vehicle reaches the target position, the

controller turns a steering wheel of the vehicle back to an
original position thereof, calculates distances between
the vehicle and the obstacles positioned at the front side
and the rear side of the vehicle based on the result of
sensing by the obstacle sensor when the steering wheel
1s turned back to the original position, determines
whether the vehicle 1s off the center of the target position
based on the calculated distances, and controls steering
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of the vehicle to position the vehicle at the center of the
target position 1 the vehicle 1s oif the center of the target
position.
2. The parking assist system according to claim 1, wherein,
if the distance between the vehicle and one obstacle posi-
tioned at the front side of the vehicle 1s different from the
distance between the vehicle and another obstacle positioned
at the rear side of the vehicle, the controller determines that
the vehicle 1s off the center of the target position.
3. The parking assist system according to claim 1, wherein,
when controlling steering of the vehicle to position the
vehicle at the center of the target position, the controller
guides the driver to perform shift to a forward or reverse gear
through the interface.
4. The parking assist system according to claim 1, wherein
the state sensor comprises at least one of a steering angle
sensor to sense a steering angle of the vehicle, a gear position
sensor to sense a position of a gear, a wheel speed sensor to
sense a wheel speed of the vehicle, and a vehicular speed
sensor to sense a speed of the vehicle.
5. The parking assist system according to claim 1, wherein
the obstacle sensor comprises an ultrasonic sensor to sense
distances to the obstacles.
6. A control method of a parking assist system including a
state sensor to sense a state of a vehicle, an obstacle sensor to
sense obstacles present at a front side, a rear side or lateral
sides of the vehicle, and an interface to provide a driver with
information about a state or operation of the vehicle, the
control method comprising;
computing a parking path for the vehicle based on results of
sensing by the state sensor and the obstacle sensor;

controlling steering of the vehicle such that the vehicle 1s
parked at a target position along the computed parking
path; and

when the vehicle reaches the target position, controlling

steering of the vehicle to position the vehicle at a center
of the target position based on mnformation related to
situations at the front and rear sides of the vehicle sensed
by the obstacle sensor.

7. The control method according to claim 6, wherein the
controlling based on the information related to the situations
at the front and rear sides of the vehicle comprises:

when the vehicle reaches the target position, turning a

steering wheel of the vehicle back to an original position
thereof;

when the steering wheel 1s turned back to the original

position, calculating distances between the vehicle and
the obstacles positioned at the front side and the rear side
of the vehicle based on the result of sensing by the
obstacle sensor;

determining whether the vehicle 1s off the center of the

target position based on the calculated distances; and

11 the vehicle 1s off the center of the target position, con-

trolling steering of the vehicle to position the vehicle at
the center of the target position.

8. The control method according to claim 7, wherein the
determining comprises determining that the vehicle 1s off the
center of the target position 1f the distance between the
vehicle and one obstacle positioned at the front side of the
vehicle 1s different from the distance between the vehicle and
another obstacle positioned at the rear side of the vehicle.

9. The control method according to claim 7, further com-
prising guiding the driver to perform shift to a forward or
reverse gear through the interface, while controlling steering,
ol the vehicle to position the vehicle at the center of the target
position.
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